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By R. H. Neely, L. E., Fogarty,
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SUMMARY

Tests were made in the NACA 19-foot pressure tunnel
to determine the yaw characteristics of a 0.32-scale
model of a single-engine, fighter-type alrplane wilth
8lx-blade single-rotating and dual-rotating propellers.
The propellers used 1n the investigatlion were of the
same solldity and plan form. Force and moment charac-
teristics of the model, with the exception of the
rolling-moment characteristics, are presented for
several model and power condltions. Curves are glven
that show estimated rudder-control characteristics of
the desizn airplane 1n steady sideslips.,

The most important difference 1n the yaw charac-
teristics of the alrvnlane model with single-rotating
eand dual-rotating propellers was that, in the low-speed
high-thrust conditions, large rudder deflectlons and
forces were required to trim at zero yaw with single
rotation, and negligible deflectlons and forces were re-
quired to trim at zero yaw with dual rotation. For the
high~thrust conditions with the rudder filxed, the model
with single-rotating propellers tended to be dlrectionally
unstable at large negatlive angles of yaw; whereas, with
dual-rotating propellers the model was stable throughout
the trim range. For moderate angles of yaw, a greater
degree of rudder-fixed stabllity was generally obtained
wlth single rotation than with dual rotation. The total
range of angle of yaw malntalned by maximum deflection of
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the rudder was greater with dual rotation. The rudder-
control forces per dezree of yaw were two to three times
as. zreet for single rotation as for dual rotation in the
hizh-thrust conditlons.

IYTRODUCTIOF

The effects of propeller operation on the stability
and control characteristics of tie airplane are becouing
increasingly important with the present trend toward
engines of greater powver. The single-rotating propeller,
usad almost exclusively 1n tiie past, hes an sdverse &[-
fect on the latersl-control characteristics of the air-
plane. With power on, the large torque rsactlon and
the resulting asymmetrical slipstream causcs large
latersl-trim changes that involve both alleron and rudder.
A dual-rotating propsller, which for the 1deal case has
no resultant torgue and produces a symmetrical sllipstream,
shonld eliminate the lateral-coatrol changes due to pover,
Air-flow surveys at the tail of a single-enpine airplene
model eGuippred with a dual-rotating propeller have indi-
cated a svumetrical slipstream (reference 1). Tt has
been shown, however, by theory (reference 2) and by ex-
perlinent (reference 3) that the nropeller forces due to
Inclinetion of the thrust axis are greatsr for a dual-
rotating propeller than for a singls-rotating oropeller;
this affect influencos the stabllity of the alrplane
somewnat,

Little 1s known abcut the Juantitative differences
betwzen the effccts of & sincle-rotating and a dual-
rotating propeller on the stability and control charac-
teristics of a complete airplans. In order to provide
information on the differences between the effects of a
single-rotating and a dual-rotating propeller on sta-
bllity and control characteristics, tests were made of a
0.32-scale model of & single-engine, fighter-type air-
plane in tThe NACA 19-foot pressure tunnel &t Langley
Field, Ve. The investigation vaes confined to the deter-
minatio:: of the characteristics in vaw with the vertical
tail on and wilth the vertlical tail off,. The results of
these tests are believed to be of no direct general ap-
pliration but serve as an indication of the character
and magnitude of the effects of the two types of rotation.
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~-.. .. .APPARATUS AND TESTS
Model

The general dimenslons of the model are gilven 1n
flgure 1. The wing was equlpped with 0.25c¢ partial-span
slotted flaps and a%so with slats on the leadling edge of
the outer wing panels. Provision was made for air flow
through the cowl, the two wing ducts, and the super-
charger alr duct located beneath the cowl. A detall
drawing of the vertical tall surface 1s presented in
figure 2. The vertical fin was set at 0° and the hori-
zontal stabilizer at 2° for all tests.

The model was equipped with & six-blade propeller
unlt made up of two three-blade propellers having a
distance between center lines of 1,.05 inches. The
blades were of the NACA L -308-03% type; blade-form curves
are vpresented 1n figure 3. In the duasl-rotating unit, -
the front blades were right hand and the reer blades
left hend. The propellers wereo driven turcugia a dual-
rotatirg gesr box. In the single-rotating unit, the
gear box was renleced by a 30118 coupling. Botlr the
front and the rear blades were right hand and were
equally spaced about the center of rotation. An elec-
tric motor cepable of delivering a torque of 195 foot-
pounds was used to drive the propeller unlt.

MoGel configurations for landlng and for normal
flight were tested. In the landing conflguration shown
in filgure L, the wing flaps were deflected 500, the
allerons were drooped 15°, the slats were open, the cowl-
exit flap was deflected 259, the oll-cooler end inter-
cooler exit flap was deflacted 22°, and the landing gear
was installed. In the normal-flight configuration shown
in figure 5, all the aforementioned surfaces were in the
neutral position and the landing gear was removed.

Tests

The model mounted iIn the test section of the tunnel
1s shown in figures L and 5. Measurements were made of
the six-component forces and moments on the model and of
the rudder hinge moments. Forces were measured dlrectly
by the wind-tunnel balance and moments. were computed from
force readings. Rudder hinge moments were measured by
electrical resistance-type straln gages.
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The model was yawed, At selected angles of attack,
through a range of angles of yaw from -10° to 40° for
the dual-rotation tests and from -30° to 30° for the
single-rotation tuats. The yaw range was limlited to
these vzlues by the model support. All tests were made
with the &ir In the tunnel at an absolute pressure of
35 pounds per square inch. The teet Reynolds number _
was annroximately 3,000,000, except for a few tests made
at & Revnolds numbher of 4,200,000,

In the normal-Ilight configuratlon, tne model was
tested simulating full power with the thrust llne at an
angle of atteck of -0.89, corresponding to high-speed
level flight, snd &t an angle of attack of 11.8°, cor-
resnonding to a full-power climb at 107 percent of the
powsr-off stzlllng speed. Thoss conditions are here-
inafter referred to as the "high-speed condition" and
the "climb conditicn", respectively. In the landing
cenflguration, the medel was tested sinulating 55-poercent
full power at an angle of attack of 10° corresponding to
flizht et 107 percent of thes power-orf stalling speed.
This model ard powver conditlor 1s herzirafter refcrred to
as tha Y"eoproach condition®. For these thrce conditions,
tests were made for a rengs of rudder deflectlons and
with the vertical tall off. In gddition, for eacl angle
of attack, tests were made with the propeller opcrating
at approximately zero thrust, si:aulatlng an engine-1dling
gllde, and also with the propeller olf; these tests were
made with rudder neutral and with the vertical tall off.

.The power ccndltions of the model tested simulated
thoso of the dssipgn airplans. 11 power represcnts
2250 brake horscpower at sca level and H5-percent full
power represents 1300 brake horsepowdar at sca level.,

. The axial componont of the slipstream velocity, as
moasured by the thrust coefficient T,, was taken as
the criterlion of similltude of the powwr conditions.

The calculated thrust coefflcients for the dual-rotation
case ere showm In figure 6. Tns rotational componsnt
of the slipstream as mcasurcd by the torgue coefficlent
2e 1s belleved to be adequately reproduced rfor these
tests. The thrust and torque characteristlics of the
model propellers, as determined experimentally wlith the
thrust line horizontsal, ars gilven in figures 7 and 8. -
For each model conditlion, the single-rotating and the
dual-rotating propellers were operated at approximately
the same tnrust coeffilcient. The blade angle at 1,
0.75 radius was 23° for all tests, The propeller rota-
tional speed was held constant throughout the yaw range.
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Coefficlents and Symbols

The data are presented in the form of standard,

nondimensional coefficlents. The coefficients and
symbols are defined as follows:

11ft coefficient (L/qS)

rosultant drag coefficient (Dp/as)
lateral-force coefficient _(Y/hs)
pitching-moment coefficient (M/qES)
yawing-moment coefficient (i/qbs)

rudder hinge-moment coefficient (Er/hbrﬁiz)
thrust disk-loading coefficient (T/pVeIR)
torque coefficient (/pvVeDd)

1ift

resultant drag

lateral force

pitching moment

vawing moment

rudder hingze moment
effective thrust

motor torque

wing area, 38.l4 square feet
wing span, 1.72 feet

mean wing chord, 2.61 feet

rudder span
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[ root-mean-gquare chord of rudder
D propeller diameter, l..0 feet

q free-stream dynamlc pressure

v free-strsam velocity

o] mass density of alr

and

n propeller rotational speed

g blade angle at 0.75 radius

@ angle of attack of thrust line, degree
v angle of yaw, degrse

&p rudder deflection, degree

8e elevator deflection, degree

R Reynolds numbser (FEED

® coefficient of viscosity

bE,° = 0.785 feet?

Angle of attack, drag, and pltching moment have
been corrected for the effzcts of jet-boundary inter-
ference. Approxlmate corrections have been applied
for the effects of the model support.

All forcesa and moments are referred to a system of
axes with the origin at the center of gravity corre-
sponding to that of the full-scale airplene. The
X-axls 1s the intersection of the plane of symetry of
the model with a plane perpendicular to the plane of
symetry and parallel to the relative wind with the
positive direction rearward. The Y-axls is perpendicular
to the plane of symmetry with the positive directlon to
the right. The Z-axis 1s perpendicular to the X-axis
end in the vplane of symmetry, with the positive direction
upward. )
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RESULTS AWD DISCUSSION

The test data are presented as curves of lift,
resuvultant-drag, leteral-force, yawing-moment, pitcaing-
noment, and rudder hinge-moment coefficients plotted
against angle of yaw. No rolling-moment curves are
nrerented because of inconsisteoncies in the data and a
wide dispersion of test points, Yaw characteristics
for a rance of rudder deflectlions are presented in
fipures 9 to 1l for the approach, tane climb, and the
high-speed conditions. Comparisons of the effects of
rotation on the yaw characteristics with the vertical
tall on (rudder neutral) and with the vertical tail off
are presented in figures 15 to 25 for the approach, the
c¢lliub, the high-speed, and the glide conditions. In
each case, propeller-off data are given as a basis for
comparison.

Tvom figures 9 to 1lj, estimates have been made of
the rudder-control characteristics of the design air-
plane in steady sideslips. These data are presented in
figures 2L, 25, and 26 as curves of rudder force and
deflzction for trim against esngle of yaw. The vawing
moment duo to aileron deflection was neglected in all
casss, The control forces were calculated with the
asswuption of a pedal movement of il inches for *20°
ruGder throw and a wing lozdinsg of 36 pounds per square
foot. Left rudder forces and deflections with dual
rotation were estimeted by assuming that the curves
would be aymmetrical about neutral rudder.

iiost of the important directional stadllity and
control characteristics for the three model conditlons
are swmarized In table I. Slopes of ths yawlng-moment
curves at zero yaw for the various model conditions are
glven in table II.

A1l data are presented for zero fin offset and
neutral trim-tab setting. A small fin offset with
sinrle rotation would probably not anpreciably alter
the zensral conclusions. The comparisons made with
the ruwdder trim tab neutral are not entirely couplete
because a tab would ordinarily bs deflected with single
rotation in some of the flight conditlons. The de-
flacted tab would affect, to sore extent, almost all
directional stability and control characteristics. It
should be noted that the knilife-edge shape of the rear
end of the fuselage provides aporeclable fin area even
wita tiie vertical taill off.

e e me: e i e — L ERemm  ne iEma— e A m = it A A EE R e a eApe e M e e emmpea s e s B ——— - W &
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Inasmuch as the thrust coeflicisnt and the angle of
attackk ere rearly the same for the ajsproach and the
cliad conditlons, these two conditions differ principally
in that the climb is & flaps-up conditlion and the ap-
proach is a flans-down:conditlon. Although the two
model configurations diffsr 1n more respecte than this
one, the differences in yawv characteristics ars belleved
to b2 due primarily to flap deflection.

Tke discussicn of the data is devoted almost en-
tirely to static directional stability and control.
Althoucgh rolling-moment data are not presented, it snould
be remembered thet there are large lateral-trim chaages
requiring the use of allerons in the high-thrust condi-
tions with single-rotating propellers. In the comparison
of the results for dual rotation with those for single ro-
tation, the assumption was made that with dual rotation
the curves for left rudder deflections would be similar
to those for right rudder deflections.

™he data show that for the high-thrust conditions,
where the slipstream effects are large, the yaw charac~
teristics are asymmetrical about zero yaw with single ro-
tation and are esgsentially symmetrical with dual rotation.
For the low-thrust corditbtions, the yaw characteristlcs
wore nearly syumetrical about zero yaw for both single and
dual rotation.

Directional trim change.- In the low-speed high-
thrust conditions, directional trim changes are negli-
glble vith dual rotation and larze with single rotation.
With Aual rotation, zero yaw can be maintained with ap-
prroximataly neutral rudder and zero control force in
bota the climb and approach conditions (flgs. 2l and 25).
%ith single rotation, a right rudder deflection of 18°
is regquired to hold zero yuw; the estimated rudder forces
are 125 vownds end 70 pounds for the climb and the ap-
proacl conditions, respectively. The maximum rudder
deflection of 20° would not be sufficient to trim the
airnlane et the angle of yaw necessary for straight
flizht with wings level (¥ = 5°), This angle of yaw
1s talren as the angle at whica both the lateral force
and the yuwring moment are zero 1f the yawing moment due
to ailsron deflection 18 neglected. For dual rotation
in all conditions and for single rotation in the hish-
speed condition, the wings can be kept level at zero yaw
and 1littlo rudder deflection is needed.

Semms——T XTI T T T T T TR T = I T
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Hith single rotation and rudder neutral, the model
trims (Cp = 0) at an angle of yaw of about -10° At
zZero vaw, here is a large negative yawing domant as
shotm inr figures 15 and 17. At least half of this mo-
ment is contributed by the model without the vertical
tail. (See figs. 16 and 18.)

Directrornal stabllity, rudder-fixed.- In the high-
tarust conditions, the displaceaent of the single-
rotation yawing-moment curves toward negative ¢, and
negative V¢, rasulted in a tendancy toward dirsctional
Instaility et moderate to large negative angles of yaw.
Viith single rotation, imstability is 1ndicated in the
aporoach condition at an angle of vaw of -27° with full
left rudder (&, = 20°). 1In the climo condition posi-
tiva stebility is shown in the trim range; however, the
slone of the yawing-moment curve teands to become unstaole
at ebout ¥ = -30° fPor conditions only slightly out of
tria, Yith dral rotation, stability is indicated in the
trix range for both the climb and the anproach conditions.
@erond the trim range, reverssls of the yawing-monent-
curve slcpss occur in the approach (flaps-dovm) condition
but no% in the climb (flaps-up) condition. The reversals
in the approach condition might lead to directional 1nsta-
bilitv if the rudder limit were increased to ebout 30°.

For a greater rudder range, the directional 1nstability
with =ingle rotation would be agzravated. It would be
desirable, In thls case, to restrict the left rudder range
and ianscrecase the rignt rudder range.

T» to uoderate angles of necative vaw, the stebility
was grecier with single rotation than with dual rotation,
excent Ior the glide conditions (propeller at zero thrust)
vhsre laittle difference was sl.own. At zero yaw in the
approach, climb, and high-speed conditions, the moment-
curve slcpes were about 15 percent wore stable with single
rotetion than with duval rotation. In the approach con-
dition (figs. 9 and 10), this diiference was essentially
constant up to VY= =15 6 (dual-rotation curves are assumed
symrstrical), but for the climb conditlon (fizs. 11 and 12)
considerably stsesper slopes were ovtained with single ro-
tation in the region of ¥ = -10°, The aforementioned
differences In stabllity snould not be important except in
marzianal cases.

S
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The more stable momént-curve slopes with single
rotation in the approach and the climb conditions appear
to be due partly to the more stable slopss for the model
without the vertical taill and partly to the greater ef-
fect of the vertical tail.

Tn the high-speed condltion (figs. 19 and 20), whers
the 1ift coefficient and thrust coefiiclient are low, the
decrease In stabllity with dual rotatlion would appear to
be due primerily to the 1lncrease in propeller side force
experienced with a dual-rctating propeller (references 2
and 3). In figuvre 27 the measured yawing moments due to

t - -
he propeller cn:propeller on ':cnpqo eller off) ob
taeined from figure 20 are cemparsd wlith the yawin

moments calculated by vse of the thsoretical prope%lar
sids forces determined from the charts of reference 2.
The compariscn indicates thet the differences in the
yawing mornents caused by & single-rotatlng and by a dual-
rotating prcpeller were somewhat greater from experiment
than from calculation. In addition, measured yavinsg
moxents due to either type of vropeller were greater than
correcponding calculated yawlng noments. Keasured side
forzes dus to tihe propeller, however, are lower than the
theoretical propeller slde forces. It is concluded,
therefore, that the effects of the propeller were not
restricted to direct propeller forces but included forces
on the airplane itself, which arfected the over-all side
force and yswing moment.

Direstional stability, rudder free.- Rudder-ifree
(pedal-free) yawing moments, obtained by cross-pletting,
are shown in figures 9 to 12. In the anproach condition,
the yewing moment is stable with dual rotation but un-
stable beyond Y = -25¢ with single rotation. The
instabllity with single rotetion cccurred in a manner
termed "rudder lock™; that 1s, as the incressingly un-
stable yawing moment yaws the airplane to the left, the
hinge noment forces the rudder continually hardor against
the stop. In -the c¢limb ccnditlion, the rudder-free mo-
ment is restoring except ut WV = -2)j° with single rota-
tion end at WV = 123° with dual rotation where the
moemente are zero. The rudder limrit is particulerly
critical to the rudder-free stabllity at large angles of
yYaw and the stability would be unfavorably affected by a
greater rudder range in all coaditions.

—-———— , - ———r ————— - = o o —
T T ' Iy 5 3 4 . LT T H o
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Ruéder-control effectiveness.~ In the hlgh-speed and
approach conditions (figs. 2l and 26), the rudder-control
effectiveness dV/d6, was about 10 percent greater with
dunal rotation than with single rotation over the straight
portlons of the curves. In the cllimb condition, the
average effectiveness with qual rotation was about twlce
that with single rotation. This Iincrease in effective-
ness.is a result of the lower weathercock stability with
dval rotation. In the climb condition, the angles of
yaw maintained by ¥20° rudder deflection were 121° with
dval rotation and were 2° and -23%° with single rotation.
Tn the approach condition angles of jaw maintained by
maximm rudder deflections were 111° for dual rotation
end were 2° and -23° for single rotation.

nucder-control forces.- As mentloned previously,
the calculated rudder forcoss required to trim at zero
yaw with single rotation are 125 pounds for the climb
and 70 pounds for the approach condition; with dusl ro-
tation the rudder forces are approximately zero.

The control forces per degree of yaw in the approach
and clinb conditlons are two to three times greater with
eingle rotation then with dual rotation in the straight-
line jortion of the curves [figs. 2 and 25). In the
high~speed condition (fig. 26), the force gradients were
the same, The displacement of the rudder-force curves
in figure 26 should not be considered significant because
8 small error in rudder-angle or hinge-moment measurement
would be greatly magnified in tane force curves.

At large angles of yaw, the forcss elfher are zero
or change sign with single rotation in the approach and
climb conditlons and with dual rotation in the climb con-
dition. A rudder range greater than 120° would accen-
tuats these force reversals and might cause a reversal
in the apoyroach conditlon with dual rotation if the
travel were lIncreased sufficiently. Since thef . ...
trim requirements are less severe wlith duel than with
single rotation, 1t appears that lIncressed travel vould
not be redquired with dual rotation.

Inasmuch as & tab would normelly be used with single-
rotating propellers to trim out control forces at zero
yaw, the varlations of force with angle of yaw for the
approach and climb condltions would probably be different
from those indicated in figures 2. to 26.
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¥iscellaneous characteristics.- In the low-thrust
conditions, only small differences between single and
dual rotation were shovn in 1lift, drag, pltching moment,
and lateral force. In the high-thrust conditions,
these characterlstics were asymmetrical about zero yaw
with single rotation and essentially symmetrical with
dual rotation.

CQikCLUSIONS

The results prssanted lead to the following con-
clusions with regard to the yaw charactarlstics of the
single-engine airplane model with e single-rotating and
a dual-rotating propeller:

l. Ths most noticeable differences shown wsre the
largze directional trim changres with the single-rotating
propeller and the negligible trim changes with the dual-
rotating propeller. Uith single rotation large rudder
deflections and forces were required to trim (C, = 0)
at zero yaw in the low-speed high-thrust conditions,
whersas with dual rotation only small deflections and
forces were required.

2., The model with dual-rotating propsller was
directiorally stable with rudder fixed throughout the
trim range for all conditiona. Beyond the trim range,
reversals of the yawing-moment curves occurred in the ap-
proach condition; thess reversals mizht produce insta-
bllity if the rudder range were increased sufficiently.
With sirgle rotation, rudder fizsd, the model was un-
stable at large angles of left yaw in the approach (flaps-
down) condition and exhibited a tendency to be unstable
in the climb (flaps-up) condition. The instebllity in
the azoroach conditlon also occurrsd with rudder free
and in a mammer termed “rudder lock®; that is, as the
increasingly unstable yawing moment yaws the airplane to
the left, the hinge moment forces ths rudder continually
harder against the stop.

3. Although of secondary lmportance for the model
tested, a greater degree of rudder-fixed stabllity was
generally shown with single rotation than with duel ro-
tation at small to moderate angles of yaw. At zero yaw,
the slopes of the yswing-moment curves were about 15 per-
cent more stable with single rotation in the approach,
climb, and high-speed conditions than with dual rotation.
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. The rudder-control effectiveness da¥/dsé, 1in

the high-speed condition was about 1lO-percent greater
with dual rotation than with single rotation. In the
climb condition, angles of yaw maintained by ¥20° rudder
were *21° with dual rotation, and 2° and -23° with
single rotation, In the approach condition, the angles
of yaw were 111° with duel rotation, and 2° and -23°
wlith single rotation.

5. The rudder-control forces ver degree of yaw
were two to three times as great for single rotation as
for dual rotation in the low-speed high-thrust conditions.

Langley Memoriasl Aeronautical Taboratory,
Nationel Advisory Committee for Aeronautics.
Langley Fleld, Va.
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TABIE I

COMPARISON OF ESTIMATED DIRECTIONAL STABILITY AND CONTROL CHARACTERISTICS
OF THE SINGLE~ENGINE AIRPLANE WITH A SINGLE-ROTATING
AND WITH A DUAL-ROTATING PROPELLER

[For conditions of G, = 0; C, due to alleron deflection 1s neglecte_d}

¥ for " Relative Relative _
. Rudder force| ¢ at|wings level, ¥ at rudder Relative|rudder-fixed at which v at which
Type of at ¥ = 0°] at ¥ = Q° = Q9 Cn 6and Bp = 3200 effective~ rudder uta‘bilitx rudder~fixed |#udder~force
Rotation (deg) (1b) 6,(-608) Cv =0 (deg) |ness based|force per Cn [instabllity reversal
]{deg) avy deg yaw [based on “5 occurs occurs
o8 36, |(percent)| (percent) (deg) (deg)
® (percent)
. () (a) (s)
High~speed condition; Tg = Q.03
Single 0 25 (right) 0 0 1)y (est,) 90 100 115 None None
indicated indicated
Dual ) (left) o] 1 Q #15 (est.) 100 100 100 ceDOr== Do
Full-power c¢limb; flaps up; T, = 0.55
Single | =18 (right){125 (right) | -12 bg 2, =23 60 300 115 Posaéblgo -23
beyond -
Dual 1 (left) 10 (right) 1 0 121 100 100 100 " None 120
indicated (approx,)
pPartial-power approadhy flaps down; T, = 0.59
Single | «17 (right}]| 70 (right) -9. b), 2, -23 90 300 120 -26 -22
Dual 0 5 (right) 0 0 E4h} 100 100 100 None None
) indicated | indfcated
Sror small angles of yaw . .
bpeyond rudder control range - I
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TABLE II

SLOPES OF YAVIING-MOMENT CURVES AT ZERO VAW

i
T

dcn/dW
Wormal flight | Lending )
Propeller 3 = _0.8° = 11.8° — = 11.8° —; 0 o)
condition oT i o L QT__ 1o L_ -9 ? e
High~speed |Full- power!Propeller Paftlal—powerlPropeller
Jevel ﬁlight .E}}@Pw. _}gllng __approach idliggﬂ_
Vertical tail on?
Propeller off | -0.0022 | -0.0019 |-0.0019 [ -0.0027 |-0.0027
Single rotatio -.0015 ~.0028 -.0012 -.00%5 -.0018
Dual rotation ! ~-.0013 ooau ~.0009 -.0030 ~-.0018
Vertical tail off
Fropeller off | -0,0002 | 0.0001 | 0.0001 ~0,0006 | ~0.0006
Single rotation .0002 .0006 | ~mem-- ~.0006 .0001
Dual rotation | .0005 .0006 | mmmmm- ! -.0005 0

lSIOpes are given for C

n = 0, rudder fixed
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17 DOymmmmememe L - Climb Normal-flight ————- 8, = 0°
18 Do. - - R 7. e ~=f0.== wmme~e | Tail off
19 DOymmmmnmmm e High~speed ~800~= - 8p = 0°
20 DO gmmmmmmm— e ——————— PR, 1. JRET =30, == ————— Tail off
21 DO wmmmememee e Power-off -eil0o == R
glide .
22 | DOommmmmma== S e R I Lending wwoona | 8 = 0°
2% DOommmmm—wnonce———. ~=eO,wm= B0, == wewee= | Tail off
2l Steady sideslip characteristics, approach condition i
25 Steady sldeslip characteristics, clinb condition .
26 Steady sideslip characteristics, high-speed condition
27 Comparison of experimental and calculated yawing moments dus to
propeller




Wing area . 38.4 sqft
Rudder area .R8 sqft
Vertical surface area 2.79 sqft
, Horizontal tail area 8.54 sqft
Meon wing chord 2.6/ #t

All dimensiong in feet

12.06 . >

14.72

> < 3.00—>1< 709 >

Figure 1.— Three-view drawing of mode/. S
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NACA ACR No. L4D19

L Fig. 2
- /2.20" s.0"

Total area 2.79 sq ft Sectriorn A-A

Rudder area i

I
backof hinge /.28 sqft
Rudder area-

mn front of hinge .39 sqft

e

L Pudder hinge.

L.E rudder

24.80

20.23"

13—3.43"—#H
l«———— 10.48"- 9.0"

Figure 2.— LDerarls of vertical tail.
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Figure 3.— Blaae-form curves for NACA 4-308-03
oropeller O, diameter; i, radius o 1/p; r,station
radaius; b, section chord; hysection thickhess;

p, geomerric pi/ctl.



Figure 4.- Model mounted in NACA 19-foot pressure tunnel.
Landing configuration.
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Figure 5.- Model mounted in NACA 19-foot pressure tunnel.
Normal-flight configuration.




T hrust coerfrcrent, 7,

"ON YOV VOVWN

/ e

/ v —— 2250 bhp at sea level
0 /,/ —-——= 1300 bhp at sea level
.2 .‘ 7/r/

v ~
e
/ /] > 1 -
/ /”//
o LT |
0] 2 4 .6 .8 L0 L2 L4 L6 .8 2.0 2R g

Lift coerficient, C,

Figure 6.— Calculated full-scale thrust coerfficrents with aual roration.
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Fig. 7 NACA ACR No. L4DL9.
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Figure /7.~ Charocleristics of the six-blade
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Fig., Qa NACA ACR No. L4D19
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Fig. 10a - NACA ACR No. L4D19
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Fig. 1lla | NACA ACR No. L4DL9
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Fig. 12a NACA ACR No. L4D19
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Fig. 13%a NACA ACR No. L4D19
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Fig. l4a NACA ACR No. L4D19
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Fig. 1ba NACA ACR No. L4D19
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Fig. 16a NACA ACR No. L4DL9
8 RN
g L[| om—
Q .
% . )
] 0 ] TPl [ [
Q 2 L5} CR g : \?\
E -/ /’Q/ )/ = {\ o
N R g
Yy 7 ~N
S NN N 8
E _3 al 4 A \‘
[ Wag \
S L
S~ ] NI Se, deg
S Moo Propeller off | -10.5 [ 4
S 5 NN+ Single rotation -3 N
Q- N | _ratabon | - 1
.02
g
S0 ] =g
: Biace
C- o~ : N
2, N . S
N [ 1F s =\ N\ X-Propeller off
S .03 \[\\Single rotation .
g' —-Dual rotation
o
§'.05 ; _
S0 RN

-J2 -28 24 20 -16 -l -8 -4 O 4 8 [ /6 20 24 28 32 36 40
Angle of yaw, Y, deg

Frgure 16.-Effect of rofalion on yaw characteristics for the
approach condivon. Vertical 1ail off londing configuratiory
S5-percent rull power, =059 ar=/0; R=3,000,000.



NACA ACR No. L4Dl19 Fig. 16b

> | — =1ngle rotaton ] 1]
i azl rotalion
z " == L Lt 4ol
\}l . — A Al A a s
W, ' 2] . . M2
A — e
o § 4 Lot 8 ol =
N o
S ~Propeljers ofed | TH]
3 14 * o]

& / T8
N 3 € '/ : ?\\n
PN i e S I
S ME
S.2 ol
8 =
3,

S
S T :

A "
N e ' R
0 o oS [-3
N ] L Single|rotaton I Sl .
3- YO /| rkation —~

‘_j -2
&

= )/ v B -

49 3/// 24

3 p:d ” o

A A Pa
£ //' / o1
/i,/"/ ©
G;’ rZ= ‘
k\ 0 , /(

Q AN Se, de
v/ o) > < Oe, g
N | - {,//\ —o [ropeller off -10.5,

Ko w4 —s Single rofation -3

Q Pl —o ual__rotatio =7
Q - o
0-3
) 79
L«

N
§.:5 )//

B
§°
~

-7 =

5 11 ]

32 28 -4 20 16 12 -8 -4 0 4 8 2 /6 20 24 2B 32 36 40
Angle of yaw,y, deg

Figure 16 ~Concl/uded




17a  NACA ACR No. L4D19

Fig
S
N/
§ — — o /»—Pf /ler off
N || ]
% g oLt ] Y [
S - EasHl Sinp~ SRS “ ks
N ° Lt | ] oy <
R 2 e \NASngle rotation| S
N — D1/ rofation -
g = & 7& \ ™.
N &
:g K N \‘L
Q . NEAN
.06
05 : & de
17 e fropeller off . -8 1 ||
\\_A —* Single rofation G
a3 TN N ?— s Dial roiation
? o2 1 * AN ‘ N ANV
IN Na | 1
Y 0/ \4\ X S
Q / ]
% 0 A,/ I\E' .
8 SR
L-0/ \é\
+ NP
S-02 S
QE“) N \‘K ~ [ |
- \ e
§.03 ik N, - ~ ]
S NUNE
N el 1] u
Q. -
X-05 Iy I~ — " s
'06 Y
- OISR

07
FC L8 -4 -0 -/6 -2 -8 4 O 4 8./ /6 20 24 28 I2 36
Angle of yaw, y, deg

Figure /7.- £/7ect of rofahon on yaw characleristics for 1he climb
conaition. Tar ory &r<0; normal-iight configuration; full power;
L=083acr=/.8; F=3,000,000.



NACA AC_R No. L4D19 Fig. 17p
ca— -Single rotation
W { izl rotabion
NS // . | o8B 3
D / al-t-la S o B - 5
d;;% /‘: L] A ) " " s o
~ % / c "'“"—0__0__ ° ° T 1° ] 8 g — —
0 LOmpeller el
&
2/ HNEY4 o
‘Q) 1 P s o
§ 0
§)\.—/
:g\.-z
N
S - oL 1
‘\S 3 T 1 L T =
@_4 o N
i / Propeller off | |~
=Single roraliont— A
5 [vial rotaton=4N f/ﬁ
4 N
3 /( /‘\ \ D)/{'r
2 =l
.- Lo
O, AT
_‘\\' ,4{/2;'/
N4 >
N ]
ét"\:-'-/ 5~ . T 6‘
Q P e
NG ; Propeller off @co)
L : o Propeller o -
%’:—j’ e ] s Single rotation O
‘4\'\ A < o Dual rofation 0
N i
S e
\ o]
~ 2]
-6 — | |
) [TTT1T

7
~JZ -E8 -&24 -20 -6 -/12 -8 -4 O 4 8 /12 16 20 24 28 32
Angle of yaw, iy, deg :

Figure | 7.—Conc/uagead.



F.ig.‘ 18 NACA ACR No. L4D1i9

'K)E Y [ e— Prooeller off
‘g\ el il o .
& 5 o ] @ P —&\\ °
g = TN T
N 1 N\ Singldrotaron
Q 5 = Drigl) rofat . X
-‘\ : £ A
wé _ ~ NN
N <
E. + N
3 AN
) &
Q - i (deq) _
o Propeller off -8 N
\l==s Single rofaton O
—a Dyl fatio
.03
I\ |
& \ NN
*é.OZ \ L 1 —— -y
AN [ o
Q) 0 ? ot L \
3 ) .
E.Ol nE ~
£:04 - -
e+ e
D -
g_ ®
B’\.OJ
S.
>§‘ ——
- I

0.
=32 -£8 -4 20 /6 12 -8 4 0O 4 & 2 /6 20 2 28 F2 36 «40
Angle of yaw,y, deg

figure 18— Effect of rotationn on yaw characteristics for the climb
condition. Vertical tail off, nortmal fhight configuration; ful/
power =055 ocr=/l.8 ~=3000,000.



JR—

NACA ACR No. L4DL9

Fig. 18p
| e— ' Single rofation—
< Dual rofahoni=)\
1\\/"‘ ) N ”JA —r"“l; 2 i %—A a
Y ans s e oAy
RO -
NENy e = Z T8 -
N | A
3 4NN
A-Propéller, offt/
&
3z
Q y
: Loy Ll
EN o
R
N
g?/
+ - =Single rokalion
§ ~ Dual | roration
\—5 f D [0} e o
S’. ] S T 1
\)— G | o
X#—+ de
(deg) -
o| Propeller 'off __ 18 - |
s|_Single rotation 0] ol
A ul Dual rotation__ |01 /ig
4 PLZAREN o
N pral o]
g .
) Bpas
N g
S sl 2l
b_ y 1 &
v’ %
&) o>
R ;
R zd
q)' o /
X b
ST
. P
L1

32 28 -4 20 )6 12 -8 -4 0 4 8 /2
Angle of yaw, Y, deg

Figure (8.-Concluded,

16 20 24 28 32 36 40



Priching-moment
coefficient, C,

-, 19 . .NACA ACR No. L4DL9

g Ll
0
ﬁ_- .
74 EES
-2 \if
: THR= | _La
_ Sl
7 [
Cel Y 4]
(deg) I/
° Propeller off odl/
= Single rofafion 0.3
o Dyal rotatio J/
4
03 1 |
S % |
NV = }
8 SN !
.0/ et -+ |
N & .
R 0
3 R
0 NS - i ~Single rotahon
QQA N =l Nk f
02 A
N ﬂ%\l = g
05 Sl Bl
Q Propeller loff— \# N u
N ' :
8 N

5
06 <12 -8 4 O 4 8 12 /6 20 A4 P8 32 36 40 44
Angle of Jaw, W, 087 e

Frgure 19.— Effect of rofation on yaw characterisics for the frgh-speed
conaition.1ar/ on ; 6.:0° ; normal- flight configuration ;full  power; Jo- 003,
ocz-08°; F=4£00,000,



NACA ACR No. LADLO Fig.
Gle
+a
QQ) Y - _ Eropeller oiﬁ«/—}’
asg ? = . -
N L =ty e N Ingle rotanorn
N =Dual rotation
NN _
N
‘?“5‘ o oo o ¢ Fot—b , |
R = i B
N \ s
38 \ =
v N e
34 (@eg)
\N\—°  Propeller off 0
e - Single rotation 0.3+—==
Mo Pual ,qzz‘/ r 0.3
L~
S .
+O b
3 - ~
N ]
Q.2 samn i
&% ’<~—P/’0, eller
./
Q
Qo =
S Lo
g.—/ —
9 : _
S22
Ny nm——
} HEEN

R .
/6 -1 -8 4 0 4 B /2 /6 20 24 28 2 36 40
Angle of yaw; i, deg

Figuré 19 .-Concluded.

19



Fig. 20a NACA ACR No. L4DL9
T

&)S —I’

>

N

N

S 0

&

Q =N

S [~

E v : A X\‘& .

g ‘ = :04—0—
g. I ,// /' Al lr | o
N Se

< - @eg)

AN 1% Propeller off 0

Q _~  Single rotation'/ | O.

_1°  Duwual rotation- 0.3

Q

O 02

2

3 0l e

= P Tot+—o—| -——%——'"ﬁ""“ A i R _

% il MR 1 i ™
870/ RN

X Propeller offd/ /14,

S-07 Single rotationt /1 | T

g Dual rotations hans
El'.OJ" o
NS

g

N 04

R

O _
-16 -1 8 -4 0O 4 6 /2 16 20 4 28 32 56 40
Angle of yaw, \f; 87 e

Figure 20.- Effect of rofation on yow characteristics for the
high-speed condifion. Verfical tail off; normal-Tlight con-
figuration; full power 7.=0.03; a,=-08; R=4,200,000.




NACA ACR. No. L4DL9 Fig. 20b

HERE

eller of F )
] e

—

A9
o

LIfF
AV

LSingle rotation
-Dual rofation

T

coefficren
-
i
a
&
8

~

Py

N

(deg)

o Propeller off 0
~ Single rotation 0. 3
o ol _rotation 0.3

Resultant-drag
coefficient, CD@
|
|
4

G

il 1
4 : T
J L

N = -l

L A FZ -

A :

R =

N

N

% :

N . = '

x KN —FPropeller off

N < ~rd/ngle rofation

S 4 -Dual rotafion

% =5

S

~ .

L[]

U6 12 B 4 O 4 B 2 J6 20 24 28 32 36 40
Angle of yaw, W, deg e

Figure 20-Concluded.



Fig. 2la . NACA ACR No. L4D19 -

A I | l | = “ropéller off
\k T 122
% A o L8] - T Ka A
E [N e 9 o K ™ ‘
6\% A pun -Single rolation Y ‘
N I — Dual rofation ‘:g><{ )
RER 7
QL
e, 005
o Propeller off , -8
s Single rofatron ! | 2.2
e il rotalion -2
.0
& -
v
Vi |
%02 Z\\f\
Q. a
N \PN@\
N -
S0 AN
§-07 S L =
N Propéller off — AR Y -
§ 03 Single rotaton-¢, NN T,
O L L al rotation-V N ™ N
S-O NN a
3 .s
>\.'0 ™
1

~04
32 -28 -24 20 /6 -2 -8 -4 0 4 8 [2 /6 20 24 28 32 F6
ANgle of yaw, Y, 089 e

Figure 2/ .- Ei7ect of rofafion on yaw characleristics for the
glide conditron. Toll on; &=0; normal-flight configuration; T.=0;
aCr=11.6; /7=3000,000.



NACA ACR No., L4D19

Fig. 21b

e ST
+~ / T
N QQ) | | Single rofafion—
SR Ducl rotatan
38 PR Bl ction |
N ﬁ —A_——(P——O‘ - i i [ o *m- (o~
" Fropeéller off:
3™
N Fropeller off
83 \Single rotation
g§ J — L8 0y = \ L B
NE====c e
&% g Ll rofation - -Tre—s
| 667 deg
o Propeller off -8
9 s Single rofation  -2.2 i
Dual rofatron 22 | I~
? L]
O 3 e
> =
N AT
3 ==
?,E A
N
NI,
—=Fropéller off
S ; [ -Oual rotation
<
S
R g
IS c [ BT .
N oI N Single rotation
3
B T4 —t——
2 TI1]

D52 28 P4 20 )6 -2 -8 4 O 4 8 & /6 20 P4 25 32 36 40.

Angle of yaw, y, deg
Figure 21.- Conc/uded




Fig. 22a ' NACA ACR No. L4DI9

S
-*\“
g -
N ] ol [ [ [
% Y o Le
“Q\) g 2 }4/{§ 5 L“‘QJ 2 ,..E———‘h \T
§ Wi ,ﬁ_——zs\\x 2 i all \ : * ;]_r\ iy W
< N
L 2 \] F =S
S
g - \ ]
g\ \ Oe
N “ deg
N \Lo Lropeller off -10.5
Q -4 N\Nto Single rofation  -5.6
Dual _rofahio -‘516
0
.05—3?
4 ]
N 02 NG ENEAN
\.\. 3 -y jN\,
$ .0/ |
N J
QQ:: L
)
870/ oﬁ\g&\
4 l N
QQ)TO \ A —
§:03 ' i
g Fropeller of =Wl
. Single rofafion——, 1 -8
g» Dual motationi—t )
2’05 -
N
>\'.05
- | e :

07 '
F2 -£8 24 -20 16 12 -8 4 O 4 8 2 /6 PO 24 28 37 36 40
Angle of vaw, v, deg

Figure 22.— Effect of rotation on yaw characteristics for the glide condition.
failon, 4.-0°; landing confrguraton; 7.0, oc;-27°; FH=3000000




NACA ACR No.

L4D19

Fig. 22b

[ { ] ] _ —Single rotation
18- — — Dual rotation
K)\T . ,,',. al: o] £ - . . :
N = SR ]
& Y4 o Propeller, atf-{_| T#: <
N e
NZ =
-Single 707%#/%’7
: 5 & = Propeller o
R roau i il
b"\\ e —o’j
NN RS
N ; Dual rotafior P
\Q .
33
& o 1
Se
(deg)
& o Propeller off- -10.8 Pa
’ a Single rotfation-\ -5.6 e
S o Dual rofafion \—5.6 '
' 1 p:
\ F A
4 \W%eld
I ~
N | A Lo
G o
g rad
) J
_g :
: - 2
O 7 "
Q
Q2 =
S
L 3 -
N o
!
\l‘5
' REEE
6 -
32 LE -4 20 /6 12 -8 4 0 4 8 (2 /6 £0 24 FE 3E 36 40

Angtle of vaw, v , deg
Frgure 22 .—Concluded




Fig. 23a . NACA ACR No. L4D19

@ I
‘E\
% W
ﬁ% J
‘E) 4—4{‘8——_‘ 3 ~8~\'0\-Q -
S T LN
8 /A ] \ St
S 3 ol T
E B \ h-3 U\Q »
WA 0
b', 8
S -3 AN
Q \ \ ey deg
QO
N \N o 2ropelier off -/0.5
Q NN Single rotation -56
Yo Dual rolqtion -
S
‘E‘ 02
¥
‘g al
N3 r | ° Tt | &1 A o
N = o Rl S I I
\)_0/ \2§\-e._-—i ] ‘ﬁﬁ\g‘ >~ 2 i\‘EI
a Propelleroff w4 /1 | TH.
QQ)__O 2 Single rotatrorni=
§ gl rofation ©
807 ’
INY
S-
N
N 1]

O T
32 -28 -4 -20 -/6 -J2 -8 -4 O 4 8 /2 /6. 20 2 £B 32 36 40
Angle of yaw, yr, deg

Figure 23 .- Effect of rofalion on yaw characteristics for 1the
glhde condition. Vertical 7tail off laonding configuration; I =0
acr=97° 9:3,_000, 000,



NACA ACR No. LA4D19 Fig. 25

g 2
L 20 )
Sy _ I | | |
g —— = T
R 00 .
s =
IN§ /./ ot
8 e S D
N .
8] W/ng.r level,
D‘é% 10Q }/- 51195/€ rofaltorn,
~N 2
+ ) 4 //
3 2 %
O / A
s , -
S - ,7/ 7
8 o . |/ | e—
3 <
N / . — Dual ro/al/or
o /0 DA B o ——= 04/0/ ro a/‘/0/7 _
Q. /|7 f7
SIS / —-— /ﬂg e ro a/‘/oné
@~ L) /L7 L1
50 =0 -0 O /0 20 30

lert  Angle or yaw; Y, deg /?/ghf

Fl gure 25— Steady siades/ip choracrerrsrics
(Cp=0) Tor the climb condiifion. l/-/04mpﬁ



Fig, 26 SN NACA ACR No. L4D19

~ ]
g)ZOO ///
Q ~ y
S o +7
3 /)
v oo :
S //
% 0 ///
8 /!
03: % | /
N /0C——— Dwa/ roral/or?
. £ — - —=S/1/7Q/€ rorarfior
§ 09:3‘/0 7
3
3 /
%h O /,/
EH
&3 /o - ]
~ 20 ~-/0 0] /0 20
Angle of yaw, U, gde
rerr "7 Y grﬁ?xg%z‘

Figqure 26.-Sleody sides/ipo charac-
teristics (C,=0) ror rhe hHigh-
speed condition. V=306 rniph.



S/ra/e rorqlion.
—-——— Dag/ ro;‘a?/w?

coefficient
o
o

-moment
- propeller;, ¢y,
S

EFxperimeniai~l
/&0‘/9 2/) | % -t

o Y I Calcuiarea—
N =—[— _\(reference s,
53 -o1 |
X0 Y2 -8 - 0, -4 8 /2 6
| Angle of yaw, y, deg r—

Figure 27, - Comparison of experimental and calculatea

yawing moments due fo propeller- High
dition; tail off; YnD=05; &5-23°

~SP eed con -

6TAYT °"ON UOV VDVN

L2 814



3

U




